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ABSTRACT 

An economic stockage model is formulated which determines a 

stockage policy to be used in generating a stockage list of items 

which satisfy selected supply support objectives at least cost. The 

policy is in the form of addition-retention levels which minimize 

the discounted cost over a large number of periods. An item is added 

to the stockage list if its demand frequency in a period is at least 

equal to the addition level; it is removed if the demand frequency 

is less than the retention level. No action is taken for demand 

frequency lying between the two levels. The model assumes that the 

mean demand frequency of an item is unknown but designated as a prior 

distribution. 

Potential items for a stockage list are stratified into an 11 x 11 

array of demand classes and extended price classes based on past 

history. The model finds an addition-retention pair for each extended 

price class. Aggregate statistics of the stratified items are used to 

project demand accommodation and stockage list size when using the 

stockage policy comprised of these 11 pairs. Input cost parameters 

may be varied to find policies which satisfy the supply support 

objectives. 

The economic stockage model is used to find which items qualify 

Dor removal for economic reasons from a Korean stockage list generated 

by a demand criteria model. 
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SUMMARY 

1. BnckKi'CMmd 

When building a list of items to be stocked by a supplier, some 

kind of rationale must be used to determine for each particular item 

whether to stock it or not. The rationale must depend upon one or 

more item characteristics - such as number of requisitions and total 

demand expected for the item over a period of time, unit price of 

the item, weight, cube, and essentiality. Various stockage criteria 

models can he developed by making different assessments of the rela- 

tive importance of item characteristics, their predictability (in the 

case of future demand) and about the cost factors and constraints 

involved in creating a stockage list. 

Currently, the Army uses a stockage criterion model which depends 

on expected number of demands for the item and its materiel category 

(MATCAT) .  For each MATCAT there is a different addition-retention (a-r) 

criterion. These criteria arc pairs of numbers, e.g. 9-3, which act as 

limits; if number of demands expected in a given base period for the item 

equals or exceeds the addition limit (e.g.9), the item is added to the stock- 

age list.  If number of demands is less than the retention limit (e.g. 3) 

the item is deleted from the stockage list.  If number of demands Is 

between the addition and retention criteria, item is in a "grey area". 

Normally, nothing is done to such items - if they are already on the 

stockage list they stay on, and vice versa.  If a list is being 

"Refinement of the model to its current state was done by Research 
Analysis Corporation [7]. 

iv 



d«v«lop«d trom Ncracctt, »cm fraction of cut grty •*•* *«•*• «r* 

Includ«d. 

It was r«cognlg*d by ch« D«pt of ch« Amy (I4L) «od An»y Ntcontl 

CooMind th«e th« dtaand ba««d ■coek«t« ertc«rloa •odol  tuti dMerlbad 

does not oxpllcicly coko into account tbo ocoooatc* of ococlting ao 

lfm,   ANC Inventory RoMorch Offleo, Institut« for Uo«isiict tosoorcli. 

Army Logistics MansRoment Cantor, was askod to assist  In cho dovtlop- 

nent of an "acononlc" stockag« BMNIOI and to «MBIOO ICO uoofuloMS. 

2. S^ooa and Methodology 

The inmedlaic precursor of the* andel described horo was a aodol 

developed by Lowell Goodhue of Logistics NanagoBont InatlCuce f4 1* 

A form of economic stockaxe model Is actually In us« by ehe British 

Army f 2 ]. 

The model is an algebraic repreaantation of the costa of stocking 

or not stocking an Item as a function of the item unit price» ex- 

pected number of demands and expected demand quantity. The solution 

procedure lo dcierminc "optimisn" economic stoekage criteria uaes 

results from the theory of Markov processes, eh« theory of 

dynamic programming and the economic analysis concept of present value. 

Experience with the model was gained primarily by development 

of a test stoekage list for a Korean Theater Inventory Control 

Center. 

3. Findings and Conclusions 

An economic stoekage model was developed which waa very 

successful in satisfying the desired objectives.    In particular, 



Ch« «Mttltfl a«volu|H«<l iiiueiui)to  liui» wlilci. i»y projaciion would 

Mtisfy parfonuinc« i«rH«i* at MUCII !••• cost Chan waa posilhla with 

llaift davalopad '.»in« a doaand traquancy criterion nodal*    Tha projec- 

tion caehnlquaa «taad an accaptad nathodology davalopad by Raaaarch 

Analyata Corporation« 

Navarthal«»1«. ttcrioua  llaltationa on tha uaafulnaaa of tha 

•comiaie atoeka»ic aodcl ara found.    Tha problaa ataaa fron cha 

fact   that  tha parfomanco targars wara only Surrogate naaiurac of 

parfurnancc; I.e., ch« tnia naaaura of parfornanca la Cha Inpac«.   s 

ocockaga list ha<i on oparaclonal raadlnaaa and troop morale, but tinea 

thii cannot currwntly ba quantified,  tha parfornanca targat   is ax* 

praeaad in tama of stockaita liat acconnodatlon.    Accoonodation is 

thm parcant of all dananda on a supplier which ara for Items on hla 

acockaga liac. 

Bitanlnatlon of the economic stockaga list indicated that It 

onittad nany itcma which appear vital to military preparedness.    Of 

courae,    chla  ta a cLorcconlnit of tha demand criterion 

model alao - due to tha lack of a decant asaantiality measure. 

A abort  tern use of  the economic acockaga model would be to identify 

ttmms which are not economical for stockaga» but which would be included 

atrtctly by demand crueria if economics were not explicitly considered.    These 

icone are of email enouidt number, although great Impact, to be susceptible 

to nanual review tochntquos.    Development of such techniques is in 

proitreaa, and •• itreliminary effort  is described in Appendix C. 
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CIlAl'TMK I 

L.1  I nlrodnet ion 

'['ho  objective of ll»e economic siockaKt* model is to develop u 

stockage list which will satisfy pre-speci£ied supply support objec- 

tives at least cost.  The supply support objective is typically stated 

in terms of desired accommodation; i.e., the percent of all demands on 

a stockade location which are for items on its stockage list. 

The approach of the economic stockage model is to project the 

costs if an item is stocked and if it is not stocked and make the 

stockage decision based on which set of costs is smaller.  Costs fall 

into three areas: operating and inventory costs, backorder costs, and 

turbulence costs if the status of the item changes - an item not on 

the list is put on, or one already on is taken off. Backorder costs 

are not really known, hut instead are varied until that cost is found 

which results in a list providing the desired degree of supply support; 

e.g., raising the backorder cost results in the model placing more items 

on the stockage list, consequently improving demand accommodations and 

vice versa. 

In applying the economic stockage model, it was found that the a-r 

criteria appropriate to an item were determined by the item's extended 

price (i.e., unit price x annual demand quantity).  In general, as 

extended price increases, cost of keeping an item on the stockage 

list increases and, therefore, the number of demands necessary to 

justify adding or retaining it on the list increases.  Therefore, 

*ln this report, demand, demand frequency, and number of requisition are 
equivalent entities.  Demand quantity is exactly what it says. 
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extended price ioLervals were defined - $0.-$3., $3-$10., $10-$30., 

and so on - and different a-r criteria developed for items falling 

into each interval.  Eleven intervals in all are defined. 

1.2  Description of Cost Elements 

Costs Lf Ucm is not stocked. A backorder cost is charged for 

each demand received for the item. The cost has two components. 

One is the administrative costs involved in arranging for satisfac- 

tion of the demand.  The second is the cost due to unavailability of 

material while the demand is on backorder.  This second component Is 

termed penalty cost. 

Costs if item is stocked.  Costs include inventory costs, 

fixed stockage costs, requisitioning costs and backorder costs. 

Inventory costs, consistent with Dept of Defense practices, are 

calculated as a percent of the dollar investment in materiel. This 

percent represents opportunity cost for money tied up, storage costs, 

cost due to loss and obsolescence of materiel, and cost due to 

deterioration of materiel in storage. Inventory cost is applied 

only again«L average on hand stocks - in transit inventory is needed 

regardless of whether or not the item Is stocked. 

The fixed stockage cost is a cost incurred merely because an 

item is slocked.  it is a management cost attributable to the cost of 

supply control studies, catalog upkeep, storage bin management, and 

so on. 
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Requisitioning coata cover ehe adffiiniscrütive costs of ordering 

replenishment quantities, of receiving the materiel, and also the 

administrative costs of the supplier from whom the stocks are 

ordered, e.g., the CONUS NIC?. 

Backorder cost in this case relates to acmands which are back- 

ordered because of unavailabilicy of atock (zero balance) for items 

on the stockade list.  Penally costs are the aame aü for non-stocked 

Items but ndminis era live costs can be smaller; Che scocker may neee only 

hold the demand unci i iiia replc-Aishment: order arrives. 

Turbulence. Coats.  If on  item La coming on or y,oing  off. the 

stockage list, a turbulence cost la incurred. An addition cost covers 

the cost of setting up a storage bin location and initial paperwork. 

If the item Is being removed, a fixed removal cost covers the reverse 

of the above process/ A variable removal cost varies with Che bize 

of the inventory which must be removed or attrltted when a removal 

decision Is made. 

1.2.1 Mathematical Expreaalons for Cost Elements 

In terms of cost parameters, we have Che following 4 types of 

costs per period: 

CosC of restocking - r, " F + C« + C-.^ u \ (C -KJ )  (1.2.1) 0   11      HO     v B xs 

Cost of stocking  ■ r.- ■ r  + C » stockage & 
U        Ll       A   addition cost  (1.2.2) 

Cost of not stocking - r0, ■ X (C +C ) (1.2.3) *       21 B   xn 

Cost of removal 6c non-stockage ■ro2"roi+CR (1.2.4) 
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where 

where 

[•'  =■ fixed cosC of .ilocking an item 

C,  ■ holdtnu cost 

Q  ■ economic order quant icy 

H " holding coat factor of average asüecs in perceac 

C.  « cose of adding item to line A 

C_ ■ penalty coat per requisition 

C  - extra procuasting coat  per requisition for items not 
.'. tocked 

C  ■ extra processing coat per requisition for Items stocked 
but not available 

C0 •> coat of replenish..ient ordertng per year 

Q  * reorder quantity 

S  ■ safety level qnantity 

C_ • removal cost 

VRC ■ variable removal cost factor In percent 

FRC ■ fixed removal cost 

A  • estimate of mean number of requisitions per period (1 year) 

L  • cost to order 

u  ■ unavailability factor in percent 

D  ■ annual demand quantity 

UP ■ unit price 

C0 - L (D/Q) (1.2.5) 

CH - (Q/2 + S) x UP x H (1.2.5a) 
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Q -  7 y D/Ul'   "  q a"   q •.. iJ/3 (1.2.Ö) 

« max (D/3,q/3)     if q > 0/3 

CR - (S + Q/2) x VRC + FRC (1.2.7) 

Equations 1.2.5a and 1.2.5 followed irom basic inventory theory. 

(D/Q) is the replenishment froquency.  (Q/2 f Sy ia the appropriate 

average on hand inventory. 

Equation 1.2.6 ia   the result of a study [5] on cost - minimizing 

quantity to order, commonly expressed as economic order quantity Q. 

Tha unavailability factor raprcsems an acceptable percent of 

rtqulsitlons which can be baekorderud. 

1.2.2 Character o; Cost: Elements 

The above cost parameters used in the economic stockage model can 

be classtiicd by 3 types. The firsi. type are approximations to actual 

cost factors (see bibliography for relevant studies u^ed.) [3,4,3]. 

H  - 407. 

C  » $10 
xn 

C  » $4 
xs 

L  - $10 

VRC - 207. (this lb cost estimate If Item had to be ti«nsported 
back to C0NUS from overseas) 

u     - 20% 

The second type consists of parameter values chosen vhich yield 

reasonable results (model outputs) and are themselves not unreasonable. 

F     • $100 close to an upper bound on the real world value; 
turbulence and accommodation results are in an acceptable 
range. 

FRC - $35 I usually constant at these values but at times - $35] 

- $:5j CA   " $-5Jinay b« considered control variables (3rd type) 

5 
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The  Lnica type >n' mode I   i,i,)iii wurc conLrui varlablui» o£ COSL. 

These coses were varlod and  ehe  impact on modal outpuca ouch a* 

accomniouatioi..  turbulence, and scockage list size observed, until 

satisfacLory i-.-normance was achieved. 

C basic control variable - u penalty cost ranging 

from $Ö-$150 per requisition 

1.3    Choice of 0,)iiiTivim Addition - Kotenuion Criteria 

1.3.1    A Simple Approach 

Let us detail the procedure for determining a-r criteria if 

only  L-period costs are considered,  i.e. the costs for the next year 

only.    To find the level a such that if A ■: a it "pays" to stock, 

«a find  the "break even" point botweun stocking cost r.« and not 

stocking cost r.., i.e. ve find the A*a which makes r.. and r«, 

equal. 

From (1.2.2« and (1.2.3) 

C0 +F + CH •► u.a.(CB + Cxa) ♦ CA - a • (CJJ-K!^) (1.3.1) 

* "(VC5 - ü (CB4Cx.) (l-3-2) 

A Similarly, i\ find the level r such that If X < r    It pays to 

remove the previously stocked item, ve could aquate restocking costs, 

r.., to the sum of delation and non*atockaga coats, r...    Prom (1^.1) 

and (1.2.4) 

q, + P-K^ + u.r (Cj+C^) - »(Cj^) ♦ CE (1.3.3) 

F " S ■ CR f C0 

CS^n) * - «VS.) (l,3,4) 

6 
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(1.3.2) and  (1..J.4)  .in*  tho oiHinuil  v.iinii,  ir'or the  (;•-; )  jvullcy,    i.i   Lhe 

expected mean A. -- a the item is »Locked.    Ii die itäa in on the  ixat i.n ehe 

preceding period,  it La restocked until A. < r in the curirent period. 

Inspection of 1.3.2 and 1.3.4 shows  that the only elements 

which depend on  iti.;. characterititica are   C   ,  C^ and C_.    xlowever,   it  is 

possible to prove  that   C, , c   and C    are a function of only one item 

characteristic  - extended price (D x UP)    Once extended price is 

known,  the appropriate a-r criteria can be developed and then the 

stockage decision made.    This leads to the use of the extended price 

Interval concept as described in section 1.1. 

1.3.2   A Sophisticated Approach 

There are two major deficiencies in  the model of section 1.3.1. 

(a) It considers only one period costs, yet actions  taken 

now affect future years' costs.    For example, suppose an item is on 

a stockage Hat and that: 

(1) coat of reatocklng(r..) exceeds cost of not stocking{r2.) 

(2) coat of restocking (r..) la  lese than cost of removal and 

not stocking (r^) 

The simple model uaas the second comparison and keeps the item 

on the Hat; yet  If it were removed, thla would reduce future costs 

since f-i 1* le,a than rii* 

(b) The model Is deterministic. In actual fact the true 

mean number of requisitions can be quit« different from the estimate, 

which is typically baaed on 1 year's hlatory. 
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It turna out that factor (b) domiaates factor (a) • that la, if the 

model of section 1.3.1 is uaad, turbulence - in the sense of the same item 

moving on and off the list more than once - is uneconomically high, 

because decisions are made without, allowing for the possibility that 

the true demand is other than the estimate. 

A more sophiaticaied approach to economic stockage considers 

costs over a planning horizon and derives these costs probabilistically. 

Such an approach is described in Chapter 2. The dependence of the 

appropriate a-r criteria on the extended price of the item remains, 

and the use of extended price intervals is retained. The simple rela- 

tlona for a & r in (1.3.2) and (1.3.4), which minimize one period costs 

for a known mean \,  no longer hold. The relation of the a-r criterion 

to the infinite horizon costs is complex. The power of the forthcoming 

model is that it presents a rational approach for finding the cost- 

minimizing a-r policy. 
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CKAPTjÜi     - 

DI'jnCRTPTION  OF Aiy-OKY'riitt 

2.1    Attributes of Model 

2.1.1    Coneopt and Scope 

A mockii Wüü desired wr.it.li would generate  ehe addition-rccencion 

criteria for an  item In a given üxtandud price ciaäü which ininiraizes 

the expected cost over an infinite  ulme horiiäon.    Since an item's mean 

demand frequency is uncertain,   the model should be. able  to accept a 

prior distribution of means of demand frequency. 

A Markovian decision model way formulated wich  the   following 

attributes: 

a. One period cost  parameters, extended price,  discount 

factor,  prior distribution of meati number of requisitions are inputs 

for each extended price category. 

b. Outputs are a-r levels for each extended price category 

and the expected cost resulting from following the recommended a-r 

stockage policy. 

c. A grid search over the most feasible set of a-r levels 

is used to find the recommended policy. 

<1.    An Iterative design procedure can be formulated to 

find those input cost parameters which yield final stockage size,  (^FSN's), 

accommodations,  and turbulence values which are satisfactory. 

e.    The model Is flexible in that it can accept most demand 

distributions of concern;  it can be refined to generate a more sophis- 

ticated stockage policy with further minimization of cost;  it can be 

simplified to yield a single a-r pair for a given MATCAT. 

9 
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2.1.2   Diacounted Coat Concept 

In measuring costs In the minimization process, future costs are 

discounted (i.e. deflated).   The basic concept is a common one In 

economic analysis, and is described, for exsmple,  in DOD Instruction 

7041.3 (Feb 69).    If the discount factor is 1 and costs In year t 

are designated V  ,   then total discounted   cost, V . Is defined as 

DOD Instruction 7041.3 recommends an 1 of 10% based on opportunity 

costs, which relates to the advantages of postponing costs.    In the 

current context,   the possibility of obsolescence also must be considered 

all future costs are conditional on the item not becoming obsolete and 

demand for it ceasing.    Allowing for obsolescence, 

where o is an obsolescence rate and (l-o)    is the probability the Item 

is not obsolete by year t.    To simplify, we approximate 

Vo - S Vt(a)t 

where a l+l+o 

A typical value used for o is !»%; a In the examples of Chapter 3 

Is set to 85%. 

2.2   Model Formulation 

In a given period an item can be in one of two states • either on 

10 
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cost of stocklnn or no.   .,(ocki..b tiiv  «ct<ti>    < .>^ Ot'.iy Co «hew iuut 

Che transition from bLuce to (.cato  fro..: üAU porioc  10 cho nexc .* 

Msrkovlsn and we have the ba^ia fo.- a n^rkovia«! daeisior. .^del. 

We aaii.m.«; the nuutbor of requibicions IG Pols-.on  crlbuCbd with 

unknown mean. The staiu cranbiclonii ere chen Markovib.*.. For » ,,.ven 

mean demand frequency / wc tl.» n can conätruec ehe probability cransi- 

tlon matrix from period n co period n+l 

of 

mi P^ l-P 

off 

r     -. 
n 

l-P. 

Li 

r2l 

(2.2.1) 

'•22j 

The probability the item Is on Che list and stays on in the next period 

la Che probability that cha nuober of requlsiclon« ruceivao Is at least 

•qual co cha retention level r, I.e. 

P (x   • r; \) - 5br Poli(«^) " P (2.2.2) 

Similarly the Item is added to the list la period n*l wich probability 

P 

P(x ä a;X) - ^ Poii (x;X) - P^ (2.2.3) 

To obtain expressions for expected costs ve make two assumptions. 

One aasumptlon is that the demand frequency distribution is stationary 

over Che planning horizon.    More apecifleally X    • >. for all n.   Alao 

lc la sssumed an item doea not migrate from ita original extended price 

category. 
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AktocUU'U tottli itiu probability iruuHldun auirrlx is ehe on« 

p«rlud rink or cu«; auir.x 

on off 

oft  !   I 

«    it (2.2.4) 

|   '21        f22 

r .  .«"if p«Tloti com a» roacocking rho Icon 

r.. ■ cowt of rvmovinK StM ond noc »cocking for ch« porlod 

r.. • coot of adding leco «ad stocking for ch« porlod 

rii  " on# P01"400 cosc 0' continuing not co «cock ch« Itom 

Kxprooslorn for r. wore given in «ection 1.2.1. 

Clv«o aocric««(AtA( aMn d«n«nd frequency A( « diecounc factor a, 

Ch« expected dUrountcU coac over mo pit.; ..in«, horizon V(X) can be 

coaputod for « glv«n «-r policy, ihl« la wcghtod by « prior dlatrlbu- 

tloo of the aooa d«a«nd fr«qu«ncy R(A) 

V- /-V(A)g(A) (2.2.5) 
k 

Section 2.3 derive« ch« appropriate «xpr«««lona for V(X) «nd 

ferauUtoa the a Igor 1th« for «iniaising V. Section 2.4 devolop« the 

fMalbl« aet of a-r policio« over «hich to s««rch to find the optim«! 

policy. In section 2.S the r«tioo«l« for th«or«clc«l «ad «sipirlc«! 

dovolopaent of g(A)» which •xpr«ss«s our uncortutlnty In th« v«lu« of 

•Mit 1, is exptelned. 
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2.3    lixpected  Diwcoiintcd Cost» 

2.3.1    Recurrence KelaLion 

Let iq I denote the set of feasible a-r levels to be considered 

in minimising the expected discounted cost. Each q is a pair of numbers 

(a,r).    Defining 

V.     (A)     -    total expected  cost from an n-stage process 

starting  in  state i, using a fixed policy and 

given a particular value X  for mean of demand 

frequency. 
ft 

The minimum cost V (X)  satisfies the recurrence relation, 

2 * 
S     P,,(q,A)r    a) +a P,.(q,\)V. n  AX) 
J 

i =  1,2 (2.3.1) 

where 

i or j = 1 refers  to state  1  :  item is on list 

i or j - 2 refers  to state 2  :   item is off list 

a    ■    discount  factor 

Equation (2.3.1)   follows from   Bellman's Principle of 

Optimality, where the first  term is  the expected one-period cost with a 

transition from state 1.    Note that  (2.3.1)  is actually two equations and 
* * 

two pairs of numbers q, and q. should be found to minimize V.   and V . 
■if 

q.   is the a-r policy to be used if initially the item is on the list; 
* 

q.  is used If initially the item is off the list. 

V*a) = m^n    [b(k,X) +a A(k,X)V*_ia)] (2.3.2) 

where k ■ rq-i»qo} ■ set  of all feasible 2 pairs of a-r levels 
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2 
and    b.Ck.X) - ^ Pi.(qi,X) r^C^) (2.3.3) 

2.3.2    Minimization Algorithm 

We wish to find the optimal policy k which satisfies  (2.3.2) 

for large n.    Since a < 1 and  the norm   ||A(| of matrix A £ 1,  it  is 

known chat V ^ V    ,   —> V, a steady-state value as n —■>».    With  this n      n-l 

knowledge Howard's Policy Iteration  technique [1,61 could have been 

used to solve (2.3.2)  for the optimal "doublet" policy ^q-,q-j 

Since we can assume all items are off the list initially, we 

are concerned with minimizing    V- = £ V  (A.)q(X).    From (2.3.2) we 

write  the steady-state non-minimal cost relationship 

VU.k) - b(A,k) +a Aa,k)V(X,k) (2.3.4) 
* 

The following Intuitively appealing algorithm Is used to find k  . 

a. Let k =  (q,q),  i.e. we dispense with the "doublet" policy 

since we are only Interested In minimizing V . 

b. Solve va,q) = b(\,q) + a A(X,q)va,q)  for all potentially 

optimal policies q 

c. Weight each V(\,q) by g(\) 

d. Choose  the policy q    which minimizes E V-(\,q)g(A.) 

This method assures us that of the set of policies I q I   considered, 
* 

we have found  the policy q   which minimizes the expected value,  over 

the distribution g(X)  of uncertain mean demand frequency,of the con- 

ditional discounted cost given a mean \.    In mathematical terms 

^[E(V|U]). ^(V)) q KUCVlX)])* TfE(V)] (2.3.5) 

which is an identity in the calculus 0f expectations. 
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2.4 The Policy Set ^o^ 

When minimising the function V over a policy set fq tone wishes 

to be sure that a policy is included that produces the global optimum 

or near to it. One way to generate a policy set [q\ Is sequential genera- 

tion. The cost and/or function of cost (such as the derivative with respect 

to q) Is found for one or more policies and the resulting values 

are used in a recurrence relation to obtain a new policy to be evaluated. 

The new policies generated recursively should converge to the optimal 

it 
policy q . Such methods are amenable to internal generation by computer; 

the slse ofle^is relatively small since the search is not exhaustive. 

Gradient search techniques (including Newton-Raphson) and two point 

Interval searches (i.e. Fibonacci, Regula Falsi) were Investigated 

but found wanting. We could not make the unlmodallty or convexity 

assumptions for V and its derivatives needed to apply these techniques; 

hence» we could noc be certain of a global minimum or even convergence. 

Moreover, simultaneous optimisation over two variables (q ■ «(a^)) 

introduces problems in the form of cpnstralnts. 

^ It was felt that an exhaustive grid search over feasible ranges 

of a and r would be practical if the resulting number of pairs (a,r) was 

not too large (<80). The first step in determining the ranges of a and 

^rwas to find the "threshold mean" \   defined as follows: if the true 

mean number of requisition equals \ ,  the period costs of stocking or 

not stocking are equal. Using the approach of section 1.3.1, \   is 

easily found to be 

\ * + %+% 
6 (c_+c )-u (C_-K: ) x B xn   ,x B xs 
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Any Icem with expected requisitions below X   clearly should not be 

added to the stockage list.      So the lower bound of a is X .    Moreover 
6 

if the true mean \m < \    the chances are small (< 5%) that the observed 
i   e 

demand frequency would be more than 2 standard deviations above X 
o 

(the standard deviation for the assumed Poisson distribution of demand 

would be yX.)« Since forecasted frequency is based on observed frequency, 

if a were set to X +2 JTI,  it is unlikely that items with mean < X 

would appear on the list, though many items with X > X might be kept 

off. X + 2 yXp i8 a rough upper bound therefore. By analogous 

reasoning, we conclude; 

X s a sX + 2 /T (2.4.1) 
e      e   * e 

XÄ - 2 JTm  * r * XÄ (2.4.2) 
6 6 6 

A coarse grid was set up with grid site d ■ max (2, .10x ) and 
e 

constraints r < a, a > 1, r >, o( a and r integers; all possible combinations 

of - a and r were used in Our policy set Jq I • The "optimal" q was 

then perturbed by plus and minus max (1, .05X ) for "finer tuning" to the 

* 
optianB q • 

2.5 Prior Distribution of Means of Demand Frequency g(X) 

There are two ways to develop a distribution function - empirically 

and theoretically. The first consideration was a theoretical distribu- 

tion for g(X) to fit the degree of uncertainty about the mean number 

of requisitions. The gamma function g(X;atb) with parameters a,b was 

investigated; it could be compounded with the Poisson demand distribu- 

tion to yield a negative binomial distribution and its shape was flexible 

with changing a,b parameters. However, the cost expressions obtained 
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using negativ« binomial transition probabilitias ar« not «qual to 

the mathamatically rigorous axprossion obtained by waightlng V (X) by 

a g(X). With any theoretical g(X), no convenient closed form expression 

for HTOOga) exists. 

The possibility of using empirical data to generate histograms 

which would serve as a priori distributions g(X) for Items in each 

extended price class was then considered. The data processing of demand 

data from a theatre and subsequent generation of histogram is described 

below: 

a. For a given theatre (KOREA)» the items in each materiel 

category (e.g. MATCAT T-industrial supplies) were claasifled according 

to extended price and demand category, i.e. an 11 x 11 matrix of cells 

was used to store aggregate information on the item. The 11 extended 

price and 11 demand frequency categories are given in table 2.1. 

Ext. Pries Cell Demand Freo. Cell 

$0-3 

$3-10 

$10-30 

$30-100 

$100-$300 

$300-1000 

$1000-3000 

$3000-10000 

$10000-30000 

$30000-100000 

> 100,000 

d.J) 
(2.J) 
(3,J) 

(4.J) 

(5,J) 

(6.J) 

(7,J) 

(8,J) 

(9.J) 

(10,J) 

dl.J) 

0-2 

3-A 

5-6 

7-8 

9-10 

11-15 

16-20 

21-50 

51-100 

101-500 

> 500 

(l.D 
(i,2) 

(i.3) 
(1,4) 

(1,5) 

(1,6) 

(1,7) 

(1,8) 

(1.9) 

(1.10) 

(1,11) 

TABLE 2.1 
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Bach etll in th« MCrlx eonulnt eh« following doui    total matar 

of iieai. total nuribor of roquUitlOM oo ehoto Itoat» toul dtaond 

quantity, total «xtondotf prieo. 

b.   For aach cow 1 (axtandad prlco claat) of th« aatrlx, a 

histogram of 11 daaand fraquanclao It ganaratod.   Th« 11 valuaa for 

tha aaan X and aatoclatad probabllltlaa of oecurranc« «r« found aa 

follows 

xlj     nuSSSt of lUM In call   a,J) ,3       *     U«'«« 

plj     total ntad>ar of itawa In row 1     J     *»" wo.ai 

e.   For aach axtandad prlca claaa 1 in HgTC4T T, tha «alghtad 

coat to ba mlnlnltad la givan by (2.5.3) 

VJl • J.j »21 W   'U <2-S-1) 

With only ona yaar data baaa avallabla and lack of houriatie or 

thaoratlcal davalopaant of a g(X), tha avaraga valuaa in 2.5.1 and 

2.5.2 ara juatlflabla atatlatica for an aaplrleal dlatrlbutlon of 

■aana g(X). 

2.6 l^odal Advantaaaa and Diaadvantaaaa 

a. With an aaaumptlon of alow drift in demand pattarn, tha modal 

datarminas an optimal atockaga policy, minimlaing coata. By thia 

maaaura, tha modal la auparlor to prcvioua modala. Aa with tha pravloua 

modcla, it doaa not consldar tha asaantiallty of an itam baeauaa of thp 

currant lack of astantiality coding for aach itam. 
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b. Th« modtl is • •ystaaAtlc proetdur« for d«C«rBinlng the 

•ff«cc of cote poraaoctrt and itm choroetorltcies on «tockogo policy. 

In « rocioMl aonnor th« •toekogo policy 1c found which aoots ttockcgt 

lice roqulroaoatt for IMCC Invootaont. 

c. Th« concept of catogorltlng lt«M by th«lr «xt«nd«d 

pne« h*« «dv«ncag#t and dl««dvcnt«g««. If on« adds it«wi with 

yoarly roqulsltlonf^ a, without ragard to «xt«nd«d pric^ on« could b« 

adding $1.00 and $10,000 ItaM with «qual «at«. It«« with tha «ana 

astandad prlca and raquisltlon fraquancy incur tha «ama «toekag« and 

non-«toekaga coot«; htnc«, th«y should hava tha •«•« a-r criteria. 

Howwvar, If d«Mand fluctuates greatly from period to period, an item 

couldaigrate to other extended price classes, and the previous a-r 

criteria would no longer be valid. 

d. The inherent flexibility of the Markov aodel is advan- 

tageous when considering the following: the use of denand data to 

generate hlstograas is acceptable with a reasonably large data base ; 

with little data, a reasonable theoretical distribution g(X) nay be 

need with paraaaters to reflect the physical situation. The cost 

expressions and transition probability expressions nay be weighted by 

g(X) in a wanner depending upon the theoretical distribution. 

A refined Markov decision aodel way be fonulated to in- 

corporate e aophlatlcated forecasting scheme. Exponential smoothing 

of various ordere would be reflected In the transition prObabill as. 

Markov models with more than 2 states may be required. 

19 



CHAPTER III 

APPLICATION OF ECONOMIC STOCKAGE MODEL 

This chapter d««crib«s th« Application of the Economic Stockage 

Model in a test situation. The test objective was to develop a 

stockage list for the Korean theater inventory control point. The list 

was to be organised by materiel category (MATCAT) and to satisfy con* 

straints on list size, accommodation, and turbulence. 

Procedures, results, and conclusions are discussed. 

3.1 Inputs 

A one year demand data base from U.S. Army - Korea was given by 

MATCAT. 

The MATCATS of consequence on the Korea list are:. 

MATCAT # Itftss in MAICAI for Which Demands 
  Were Recorded in Korea 

B • • Ground Forces Support 3689 

E • • General Supplies 9069 

F • • Clothing & Textiles 2221 

G • • Electronics 6646 

H • - Air Materiel 4828 

J • • Ground Forces Support - DSA 19997 

K • • Combat & Automotive 8079 

M • > Weapons & Fire Control 4359 

Q ' • Electronics - DSA 16052 

R • • Petroleum Products 565 

T • • Industrial Supplies 

TABLE 3.1, 

15083 

Performance targets were set as follows: list site not to exceed 

30,000 items; percent accommodation to be at least 80% for each MATCAT; 
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overall turbulence under 5%. 

Percent accommodation for a MATCAT is the percent of total valid 

requisition« in that MATCAT that are for items on the stockage list. 

Overall percent turbulence is the annual turnover of items on the 

entire stockage list - if in the beginning of the year there are n 

items on the entire list, and If at beginning of the next year the 

stockage list contains only x of these n items plus new additions, 

turnover percent is (m~fv  x 100. 

Table 3.1 summarizes the cost parameters used as discussed in 

Chapter 1. 

Discount Factor o- ■ .85 

Addition Cost C4  v...,^        .  _   ,, „,„„,„-     . ., 
A        \ For all MATCATS except H ' $35   \ For all MAT 

it - $35 J   H: $90f{ Fixed Removal Cost - $35 J   H« $90,$90 

Fixed Stockage Cost F - $100 

Variable Removal Cost - 20% 

Processing Cost for requisitions of item« not 

stocked C  - $10 
xn 

Processing cost for requisitions of items not 

available  C  - $4 

Holding costH as 7. of average value on hand assets - 40% 

TApLE 3.1 Fixed Parameters 

3.2 Procedure 

The Economic Stockage Model is used in conjunction with a computer 

program which acts as a performance projector.    This program could 

project the average size, accommodation and turbulence of the Korean 

stockage list which would result from the continued use in Korea of 
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any given candidate set of a-r criteria. Inputs to the program are 

nhe candidate criteria, and Korean demand history, appropriately 

stratified. The program, which Is described In Appendix 8,18 based 

on mecn^dology developed by Research Analysis Corporation. The theore- 

tical probabilities for turbulence used In the program are given 

in Appendix A. 

The heart of the whole procedure la an Iterative design. Cost 

inputs are translated Into a-r criteria by the economic model* The 

performance projector translates the a-r criteria into likely 

performance results. If these results violate any of the performance 

targets, sotue of the cost Inputs are adjusted and the process is 

repeated. The adjustment is made generally to the cost of a backorder, 

which, as discussed In Section 1.2.2, is not known, but is treated 

as a control. In some applications the type 2 costs identified in 

Section 1.2.2 might also need to be adjusted, and in some cases the 

performance targets may be unrealistic. 

A description of the full procedure follows. While there are 

many steps, most are programmed on a timesharing computer and none 

takes more than a few minutes. 

a. A MATCAT, e.g., T, is selected. A histogram of demand 

frequencies is computed. The histogram is required aa input to the 

economic stockage model (see Section 2.2.5). 

b. List elements are Inputted for types 1 and 2 costs 

(as discussed in Section 1.2.2) 

c. A value for penalty or backorder cost is chosen. 
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d. Tht «co.iaale ttoeluig« aodtl If ut«d co d«v«lop a-r crlurl«. 

•• Th« parfonune« «xpcetad fro« thM« erle«rU it proJ«ct«d. 

f. Proj«cc«d aeeoaModaclon it coapartd to eh« urgac. Zf 

it is not CIOM, on «djuataont ia mada to tha panalty coat and atapa 

d ehrough f ara rapaatad. In particular, if accu—udatlon ia too 

low, tha panalty coat ia ineraaaad and viea varaa. 

g. If accoiaaodation targat ia »at, tha a-r crltaria froa 

atap d. and axpaetad parformanca fro« atap a. ara raeordad. If not 

all MATCATS have baan dona, atapa a. through g. ara rapaatad for 

anothar MATCAT. 

h. If all MATCATS hava baan dona, tha raeordad valuaa of 

liat alaa and turbulanca by MATCAT ara ehaekad. Total Hat aiaa and 

ovarall turbulanca ia coaputad. 

i. If turbulanca and liat alaa constraints ara «at, pro* 

cadura ands. Othanrisa, atapa b-h ara rapaatad with an adjuataant 

in tha typa 2 coat inputa. If tha liat alaa conattaint haa baan 

violated, tha fixed coat of atockln* la laeraaaad. If turbulence ia 

too high, turbulence coats ara ineraaaad. If ovarall turbulence ia too 

high because of very high turbulanca in a few KATCATS, turbulence coeta 

for these MATCATS only ara adjuated. 

3.3 Tabulated laiult« 

Table 3.2 givea the Korean teat addition-retention criteria by 

MATCAT. The first coluan Identifies the extended price Interval to 

which each a-r pair applies. Under the MATCAT identified in the flrat 

row ia given the penalty coat paraaatar used to get 801 acco—odition. 
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a» 

TABLE 3.2 AODIT 'M^W0^BY m™ 
• MATCAT & PENALTY COST 

B 
sin AE AG • 

? :-3         j   5-1 8-2 7-1 5-1 3-1 
$ ^-10       I   7-1 

i 
8-2 7-1 5-1 3-1 

$10-30 7-1 8-2 7-1 5-1 3-1 
$30-100 7-1 9-1 7-1 5-1 3-1 
$100-300 7-2 9-1 7-2 5-1 3-1 
$300-1000 9-1 11-3 9-1 7-1 4-1 
$1000-3000 12-4 16-6 12-4 10-2 4-1 
$3000- 

10000 2>-10 26-17 22-10 15-5 7-1 
$10,000 • 

30^000 49-34 53-38 49-34 29-17 13-3 
$30.000 - 

loqp oo 1 107-88 130-93 107-88 65-34 35-12 
>$100,000 301-225 366-301 301-225 184-150 66-54. 
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TABLE 3.2  ADDiTION-RETENTlON CRITERIA BY MATCAT 
(cont) & EXTENDED PRICE 

j            MATCAT & PENALTY COST 

EXT. 
$^n $ä   _ $Pfi 5t;Rn 

R 
$30 $3Ü 

$ 0-3 7-1 11-3 7-1 5-1 6-1 6-1 

$3-10 6-1 12-2 7-1 5-1 7-1 6-1 

$10-30 7-1 12-4 8-1 5-1 7-1 6-1 

$30-100 7-1 13-5 8-2 5-1 7-1 7-1 

$100-300 7-2 14-4 9-1 5-1 7-2 7-2 

$300-1000 9-1 17-5 10-2 6-1 9-1 9-1 

$1000-3000 12-4 23-11 14-4 9-1 12-4 13-5 

1          $3000-         \ 
!               10.000 22-8 52-22 25-9 15-5 22-10 22-6 

$10,000- 
i              30,000 51-21 52-30 54-37 29-17 49-34 52-34 

1          $30,000- 
100.000 112-84 217-155 117-96 65-40 107-88 126-88 

> $100,000 276-225 500-480 315-258 175-125 301-225 276-2 
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For purposes of comparison, Table 3.3 gives the single a-r pair 

for each MATCAT which Is found using demand criteria only; I.e. without 

regard to economic cost elements, so that the a-r criteria do not 

depend on extended price. These criteria, originally found by 

Research Aaalysis Corporation, gives 80% accommodation and 17.-5% 

turbulence. 

MATCAT B E F G H J K M Q R T 

a-r Demand 10 12 20 6 3 8 18 7 7 26 7 
Criteria 3 4 12 1 1 2 8 2 1 14 1 

TABLE 3.3 

Table 3.4 compares the performance statistics projected for the 

economic a-r criteria to those projected using the demand criteria. 

"$ R+Q" represents the projected dollar value of Inventory Investment 

In the items on the stockage list. Inventory Investment for an item 

Is set equal to the dollar value of the items requirements objective, 

to be consistent with previous work (unpublished) in this area. 

3.4 Jjiterpretation of Results 

The economic ^stockage criteria clearly achieve the same 

accommodation as the demand criteria with much smaller total 

investment. 

Unfortunately, this does not mean the economic criteria are 

necessarily better.  For the ultimate measure of performance is 

contribution to combat readiness, not accommodation. Manual comparison 

of lists produced using both sets of criteria showed that the 
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WS 3.4 - AGGREGATE STATISTICS BY KOREAN MATCAT USING 

ECONOMIC POLICY & DEMAND POLICY 

MATCAT # FSNs 
STOCKED 

TURBULENCE 7. ACCOMMODATION % $ R-KJ 

B 
Economic 
Demand 

1224 
969 

1.24 
1.55 

79.7 
80.1 

589,550 
3,339,243 

E 3201 
2467 

.94 
1.12 

83.6 
81.5 

1,450,674 
2,410,304 

F 
1150 
708 

.81 
1.95 

78.4 
80.8 

1,248,143 
4,922,452 

G 2178 
2162 

3.05 
1.77 

79.3 
80.8 

597,473 
994,619 

H 2461 
2604 

12.90 
12.00 

80.4 
83.2 

783,233 
1,946,559 

J 6215 
5149 

1.55 
1.96 

80.7 
80.6 

1,568,612 
4,022,732 

K 
1646 
1419 

.85 
1.43 

80.0 
82.3 

1,738,835 
3,840,405 

M 
1288 
1239 

1.10 
1.78 

78.9 
79.6 

397,298 
762,567 

Q 5657 
4789 

3.05 
1.20 

82.6 
80.0 

830,719 
1,062,906 

R 195 
84 

1.21 
1.18 

82.9 
81.8 

1,951,274 
2,669,622 

T 
5061 
4857 

1.75 
1.25 

79.4 
79.2 

398,711 
615,552 

TOTALS 30,276 
26,447 

2.59% 
2.477. 

80.5 
80.9 

$11,554,522 
26,586,961 
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economic criteria, as well as the demand criteria, kept aoeu Itema off 

the list which could adversely affect readiness^ If readltieaa could be 

quantitatively measured, or even if item essentiality could be measured, 

this could be easily built into the economic model approach. At this 

poifit, neither is possible. 

The most immediate application of the economic model Is to 

indicate items which would be kept off an economic list, but put on 

a strict demand list, yet for which quick supply is not essential 

to combat readiness. This has been done for Korea and includes such 

items as playing cards, bed sheets, etc. Appendix C gives more detail. 

The model has been used to generate economic a-r criterion from 

1 year demand histories for the Alaskan and Southern Command theaters, 

(unpublished). Also 2 years of Korean history weri used against the 

Korean a-r criterion (generated by 1 year of demand history) end 

accommodation and turbulence projections were measured (technical note 

to be published). 

Another potential application of the general model approach Is 

to develop stockage lists where there are weight or cube constraints. 

"Cost" of stocking an item would then be: 

A + (b»M) + penalty cost 

where "a" and "b" are parameters and M is a measure of what is being 

constrainted, e.g. weight of an item. Cost of not stocking as In the 

pure economic model Is based on penalty cost only, which Is larger than 

if the item is stocked (see equations 1.2.1-1.2.7). 
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APPENDIX A 

PROBABILITY OF ITEM BEING ON LIST AND PROBABILITY OF TURBULENCE 

A stockage policy Is given such that an Item will remain on a 

stockage list If its demand frequency during the considered period 

2 r, and the Item will be added (If It Is off) If Its demand frequency 

2: a, where a > r, A theoretical expression for turbulence probability 

may be determined from the steady-state probability of being "on" the 

stockage list. 

Let P * probability Item will be retained In present period 

of review 

P « probability Item will be added In present period 

of review 

Then the following recursive relations will exist from review period 

n-1 to review period .1. 

Vn) ■ Pr Pon<n-l) + Pa Poff^^ (Al> 

Po£f(n) - (l-P^P^n-l) + (l-Pa)Pof£(n-l) (A2) 

In steady state (n —>»)    P (n) - P (n-1) - P  r and l»P -»-P -- 
on     on       on       on   oxz 

Therefore from either Al or A2 

P 
Pon " 1-P +P (A3) 

r a 

Then turbulence Is   defined as the Joint probability of being on and 

going off In the present period. 

/       \    Pa(l-Pr) 

r   a 
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If the base period (period over which demand is compared to a and r 

levels Lo determine stockage policy) equals review period, then P 

and P assume the simple forms (2.2.2) and (2.2.3). 

P(x a r;0 = E Pol8(x;\) A(5) 
x^r 

P(x • a;\) = E P-. (x;\) A(6) 
ols x^a 

RAC obtained (A3) and (A4) in a slightly different manner. 
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APPENDIX B 

AGGREGATE STATISTICS PROGRAM 

The 11 x 11 matrix of Items stratified by demand and extended 

price (as described In Chapter II)  is compared to the II (a  ,r ) 

criteria by   the aggregate statistic program.    The mean demand 

frequency A, .  for a base period of 1 year is given by eq.   (2.5.1). 

If the mean demand frequency A, .   ■ a ,all items in cell i,j are put 

on the list.    If A., < r, all items in cell i.j are kept off.    The ij i »J r 

steady state probability of being "on1^-     P      (see Appendix A),   is 

used  to determine  the fraction of "gray" items  (those in cells  for 

which r.   5 X      < a.)  in a cell which one would expect to be on  the 

list over a long period of time.    Percent accommodation is found 

as follows: 

Z     (# Requisitions in cell i,j) x FRAC 
U — — ■ —-       (B.l) 

.E.  (# requisitions in cell i,j) 
* i J 

X    Accom = 

i?5< 

i lf^iäai 
where FRAG -/. -c ^      ^ if ^j < ri 

Jon(A)  if ^ ^lj<a1 

Also; 
.r (# items in cell i,j) * T(A1:) .    0, 

% Turbulence     -   ^ -r    ~ ,,   ,1  ^'2> 
E.  (# items in cell i,j) x FRAG 1»J 

where T(A.j) is given in Appendix A by eq.(AA). Note turbulence 

probability T is a function of A.,   from (A5) and  (A6), 

It should be no'^ed that the projection of accommodation given 

in (B.l) may tend to overestimate actual accommodation for MATGATS 

with very low demand profiles.    The mean demand frequency A.,  is 

computed from 1 year of demand history.    However,  in the future, 
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there may be recorded demands for items which had zero demands In the 

one year history; these Items are not Included In our one year projec- 

tions, but would have to be considered as candidates for a stockage list 

and considered in a future calculation of actual accommodation, 

A technical note will be published concerning the accuracy of the 

projection statistics and the impact of a 2 year base period on the pro- 

jected values. 
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APPENDIX C 

t^NUAL SCREENING OF (TEST) KOREAN STOCKAGE LIST 

In Table C-l la a list of «II item« (419) which in the Korean 

test were definitely off the list by the economic criteria, but 

definitely on by demand criteria. 

The items were ceded as A, B, or C. The C category was for 

items for which delays In processing requisitions could be tolerated. 

If an item falls Into the C category and is not economical to stock, 

It is a good candidate for removal from a stockage list. 

The B category was for seasonal Items, or for items for which most 

demands could be programmed. These items demand fluctuations are known 

functions of seasonal or operational changes and the demand can be pre- 

dicted accurately. If an item falls into the B category, and is not 

economical to stock. It is a candidate for special management and direct 

delivery rather than stockage. 

The A category was comprised of essential items only. 

Classification of the 419 items was done by four analysts in a few 

hours time. Since none of the analysts had great familiarity with the 

Items, the classification i^s for demonstration purposes only - of what 

might be expected if more expert people did the classifications. 

The "Tf*  category included items the analysts could not assign. 

Summary statistics were computed and are given in Table c-0. These 

tables give a breakout of the A, B, C, D categories by MATCAT. 
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The investment value in terms of dollar value of reorder point and 

reorder quantity is also given.    From this is obtained an estimate of 

savings when the appropriate categories are deleted from the stockage 

list. 
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MATCAT NUMBER-FSHS RECURRING-DEMANDS 

B 16 402 379832.69 35678.34 
F I 26 11843.37 1410.39 

20 168 138258.88 27365.SO 
H 12 68 423903.00 145383.75 
J 24 474 350602.69 29900.90 
K 41 2312 1022862.63 67349.50 
M 8 136 262422.19 21259.31 
Q 1 16 3472.00 976.39 
R 13 882 668705.13 33202.60 
T 1 21 3306.96 745.43 

TOTALS 137 4505 3269207.00 363272.88 

BJ^RDS 

(Ov«r $10,000 tsc. Met) 

B 1 15 3640.00 767.19 
F 30 1244 475357.00 44439.06 
J 5 66 190159.06 10923.62 
K 9 790 393092.44 20381.82 
R 2 143 83769.06 4864.89 

TOTALS 47 2258 1146017.00 81376.56 

8 CARDS 

(Uad«r $10,000 Ext Prie«) 

K 2 38 4541.68 1237.47 

TOTALS 38 4541.68 1237.47 

TABLE C-O - SUMMARY STATISTICS FOR MANUALLY 
SCREENED ITEMS 
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(0v«r $10,000) 
tJAT NUMBEA-PSHS RgCU&RIHG-DEMMfDS S-RKORDER-QT 

3 11 364 447829.23 22910.22 
. , 46 1722 677441.36 66103.30 
•♦ 37 2243 822923 64644 
j 45 1717 1233444.00 73919.00 
< 6 223 83390.36 8738.99 
i I 33 4189.63 838.70 
\ 5 32 116261.31 7239.41 
.; 7 468 286283.88 16798.37 
T 9 260 133033.19 11445.41 

Tf   ALS 170 7241 3830817. 274677. 

* FSN #72101711099 «as «xcludtd b«eaus« of «utpleloui data 

E 
J 
K 

12 
5 
1 

174 
33 
18 

18323.79 
7249.89 
963.74 

C CARDS 

(Under $10,000) 

6008.25 
2464.14 
403.49 

TOTALS 18 227 26339.43 8875.87 

B 
E 
F 
G 
J 
K 
M 

5 
6 
8 
2 

10 
8 
I 

SCARPS 

111 1386029.00 21566.54 
104 17056.39 3989.23 
283 78097.63 9815.49 

21 14145.00 2190.98 
186 72096.63 9780.02 
843 118935.13 10251.82 

11 3297.00 728.57 

TOTALS 40 1561 1889675.00 58322.64 

TABLE C-0    SOIMARY STATISTICS FOR MANUALLY 
SCREENED ITEMS 
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